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[Name of the document] SPECIFICATION 
[Title of the invention] 

Optical amplifying method, optical amplifying apparatus, and optical 
amplified transmission system using the apparatus 
[Claims] 

[Claim 1] An optical amplifying method in which at least one optical 
amplifier is connected to an optical transmission line, an optical signal 
transmitted to said optical transmission line is amplified by said optical 
amplifier while an optical power of the optical signal on the optical 
transmission line is detected, and gain of the optical amplifier is controlled 
in response to an optical power of thus detected, the method comprising: 

detecting an optical input and output power of said optical 
amplifier; 

obtaining a difference between gain of said optical amplifier and 
target gain on a basis of detected optical input and output power; 

implementing a proportional calculation and an integral calculation 
of said difference by an automatic constant gain control device to obtain a 
drive current of an optical source by PI control; and 

controlling gain of said optical amplifier by controlling current of 
said optical source based on a calculated drive current value. 
[Claim 2] An optical amplifying method in which at least one optical 
amplifier and at least one wavelength division-multiplexing device are 
connected to an optical transmission line, an optical signal transmitted to 
said optical transmission line is amplified by said optical amplifier while an 
optical power of the optical signal on the optical transmission line is 
detected, and gain of the optical amplifier is controlled in response to an 
optical power of thus detected, comprising: 

at least one wavelength division-multiplexing device are connected 
to said optical transmission line, inputting/outputting optical signals of 
prescribed wavelengths to/from said optical transmission line by said 
optical wavelength division-multiplexing device; 

detecting an optical input/output power of said optical amplifier; 

obtaining a difference between gain of said optical amplifier and 
target gain on a basis of detected optical input/output power; 

implementing a proportional calculation and an integral calculation 
of said difference by an automatic constant gain control device to obtain a 
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drive current of an optical source by PI control; and 

controlling gain of said optical amplifier by controlling current of 
said optical source based on a calculated drive current value. 
[Claim 3] The optical amplifying method as claimed in claim 1 or 2, further 
including detecting an optical input power to said optical amplifier, and 
adjusting control parameters of said automatic constant gain control device 
in response to a detected result, wherein a drive current of said optical 
source is obtained by the automatic constant gain control device with said 
control parameters adjusted. 

[Claim 4] The optical amplifying method as claimed in claim 3, wherein in 
adjusting said control parameters, said optical input power from an optical 
device connected with said optical amplifying apparatus or said optical 
input power varied by add/drop function of an optical signal of wavelength 
division-multiplexing device in said optical device connected with said 
optical amplifying apparatus is detected, and the control parameters of said 
automatic constant gain control are adjusted in response to the detected 
result. 

[Clam 5] The optical amplifying method as claimed in claim 3 or 4, 
wherein adjusting said control parameters, proportional constant of a 
proportional circuit in the automatic constant gain control device as said 
control parameters is adjusted. 

[Claim 6] An optical amplifying apparatus for amplifying an optical signal 
on an optical transmission line, at least one optical amplifier amplifying an 
optical signal inputted into the optical transmission line, and an optical 
power detecting device for detecting an optical power of the optical signal 
on the optical transmission line, and an optical signal transmitted to said 
optical transmission line is amplified by said optical amplifier while an 
optical power of the optical signal on the optical transmission line is 
detected, and gain of the optical amplifier is controlled in response to an 
optical power of thus detected, the method comprising; 

a gain detecting device to detect gain of said optical amplifier; 

a difference obtaining device to obtain difference between a 
detected gain and a target gain; and 

an automatic constant gain control device for implementing a 
proportional calculation and an integral calculation of said difference to 
calculate a drive current of an optical source and controlling gain of said 
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optical amplifier to be constant by controlling current of said optical source 
based on a calculated drive current value. 

[Claim 7] An optical amplifying apparatus for amplifying an optical signal 
on an optical transmission line, at least one optical amplifier amplifying an 
optical signal inputted into the optical transmission line, and an optical 
power detecting device for detecting an optical power of the optical signal 
on the optical transmission line, and an optical signal transmitted to said 
optical transmission line is amplified by said optical amplifier while an 
optical power of the optical signal on the optical transmission line is 
detected, and gain of the optical amplifier is controlled in response to an 
optical power of thus detected, comprising; 

a wavelength division-multiplexing device for add/drop function of 
an optical signal of a prescribed wavelength to/from said optical 
transmission line; 

a gain detecting device to detect gain of said optical amplifier; 

a difference obtaining device to obtain difference between a 
detected gain and a target gain; and 

an automatic constant gain control device for implementing a 
proportional calculation and an integral calculation of said difference to 
calculate a drive current of an optical source and controlling gain of said 
optical amplifier to be constant by controlling current of optical source 
based on a calculated drive current value. 

[Claim 8] The optical amplifying apparatus as claimed in claim 6 or 7, 
further comprises an adjusting device for adjusting control parameters of 
said automatic constant gain control device in response to a detected result 
of an optical input power to said optical amplifier which is detected by the 
optical power detecting device, the automatic constant gain control device 
with said control parameters adjusted controlling gain of the optical 
amplifier in response to optical input/output power detected by the optical 
power detecting device. 

[Claim 9] The optical amplifying apparatus as claimed in claim 8, wherein 
said adjusting device adjusts control parameters of said automatic constant 
gain control device in response to a detected result of said optical input 
power from an optical device connected with said optical amplifying 
apparatus detected by said optical power detecting device or said optical 
input power varied by add/drop function of an optical signal of wavelength 
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division-multiplexing device in said optical device connected with said 
optical amplifying apparatus. 

[Claim 10] The optical amplifying apparatus as claimed in claim 8 or 9, 
wherein said automatic constant gain control device includes a differential 
circuit for subtracting gain of the optical amplifier from a target gain, that 
yields a difference between gain of the optical amplifier and a target gain, 
and a proportional circuit for multiplying proportional constant of the 
proportional circuit and said difference, and said adjusting device adjusts 
proportional constant of the proportional circuit as the control parameters. 
[Claim 11] An optical amplified transmission system for amplifying an 
optical signal transmitted to the optical transmission line by a plurality of 
optical amplifying apparatuses connected in series including at least one 
optical amplifying apparatus as claimed in any one of claims 6-10. 
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[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[FIELD OF THE INVENTION] 

The present invention relates to an optical amplifying method for 
adjusting control parameters in an automatic constant gain control circuit to 
control gain of an optical amplifier, an optical amplifying apparatus and an 
optical amplified transmission system using the apparatus. 
[0002] 

[PRIOR ART] 

A conventional optical amplifying apparatus 10, for example as 
shown in Fig, 17, includes an optical amplifier 11 connected to an optical 
transmission line 1. An optical signal inputted into the optical amplifier 
1 1 and an optical signal outputted from the optical amplifier 1 1 and passed 
through an erbium-doped fiber (EDF) 12 are divided by optical couplers 13, 
14 respectively, and then optical input power and optical output power 
thereof are detected by photo diodes (PD) 15, 16 respectively in the optical 
amplifying apparatus 10. The optical input power and the optical output 
power are converted to voltages corresponding to the optical powers in 
monitor circuits 17, 18, and the voltages are outputted to a control circuit 
19, respectively. The control circuit 19 controls a pump laser diode 20 
based on the voltages to implement an automatic constant gain control 
(AGC) in the optical amplifier 11, thus controlling the gain of the optical 
amplifier to be a prescribed value. 
[0003] 

As one of the optical transmission system, there is a wavelength 
division multiplexing (WDM) system in which a plurality of optical signals 
of different wavelengths are division-multiplexed and simultaneously 
transmitted on a single fiber-optical transmission line. The optical signals 
are optically amplified through a plurality of optical amplifying apparatuses 
placed in the optical transmission line, and then transmitted to an optical 
transmission line of a single-mode fiber (SMF) or a dispersion-shifted fiber 
(DSF) in the WDM system. 
[0004] 

There is a case where the optical amplifying apparatuses are applied 
in an optical transmission line in multistage connection and an optical 
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amplified transmission system is established. In the optical amplified 
transmission system, caused by an increase of transmission distance and 
transmission capacity, data traffic increases rapidly. And the increase of 
data traffic incurs a decrease of transmission performance. Consequently, 
a wavelength division multiplexing (WDM) system is being diffused to 
prevent the decrease of transmission performance. 
[0005] 

In the optical amplifying apparatus implementing the AGC, the 
optical output power is controlled so as to maintain the gain to be constant, 
when the number of wavelengths in the WDM optical signal varies and the 
optical input power to the optical amplifier varies accordingly. However, 
when a transient characteristics of power control of the optical amplifier is 
not appropriate in the transitional period when the optical input power 
abruptly varies, the control of the optical output power corresponding to a 
variation of the optical input power of the optical amplifier is delayed. 
Fig. 18(a) shows the variation of the optical input power of the optical 
amplifier. Fig. 18(b) shows the result (i.e., delay). In this case, the 
optical output power per one wavelength channel largely varies (refer to 
Fig. 1 8(c)), thus deteriorating the transmission quality of the optical signal 
in the transitional period when the optical input power abruptly varies. 
[0006] 

In conventional optical amplifying apparatus, which for example 
Patent Literature 1 shows, the apparatus provides a delay portion on the 
optical transmission line in which the variation of the number of the 
wavelengths is detected by the AGC circuit, and a transmission of the 
optical signal is delayed such that time required for controlling the gain of 
the optical amplifier equals to time required for inputting the optical signal 
to the optical amplifier, thus prevents a variation of the optical output 
power of the optical amplifier. More specifically, as shown in Fig. 19, an 
optical amplifying apparatus includes a delay portion 21 to delay the 
transmission of the optical signal on the optical transmission line between 
the optical coupler 13 at the input side of the optical amplifier 11 and the 
optical amplifier 12. In the optical amplifying apparatus, the time 
required for controlling the gain by the AGC circuit 19 is set to be the time 
required for the transmission of the optical signal, thus avoiding the 
variation of the optical output power as shown in Fig. 18(b). 
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[0007] 

[PATENT LITERATURE 1] 

Japanese Patent Publication No. 2001-053682 (Page 3-5, Fig. 1) 

[0008] 

[PROBLEM TO BE SOLVED] 

However, the above mentioned conventional optical amplifying 
apparatus causes a problem in which an additional space for locating an 
optical fiber in the delay portion is required, since the delay portion utilizes 
the optical fiber in order to delay optical signal on the transmission line, 
thus disturbing a realization of a down sizing of the apparatus. 
[0009] 

An object of the invention is to provide an optical amplifying 
method, an optical amplifying apparatus and an optical amplified 
transmission system, in which the space occupied by the optical fiber may 
be reduced to realize the downsizing of the apparatus, and the control 
constant of the AGC circuit is adjusted to be an appropriate value even 
when the optical input power to the optical amplifier abruptly varies under 
operation, thus enabling high speed optical signal transmission and stable 
optical amplifier control. 
[0010] 

[MEANS TO SOLVE THE PROBLEM] 

To achieve the above mentioned purposes, an optical amplifying method in 
Claim 1 in which at least one optical amplifier is connected to an optical 
transmission line, an optical signal transmitted to said optical transmission 
line is amplified by said optical amplifier while an optical power of the 
optical signal on the optical transmission line is detected, and gain of the 
optical amplifier is controlled in response to an optical power of thus 
detected, the method comprising: detecting an optical input and output 
power of said optical amplifier; calculating a difference between gain of 
said optical amplifier and target gain on a basis of detected optical input 
and output power; implementing a proportional calculation and an integral 
calculation of said difference by an automatic constant gain control device 
to calculate a drive current of an optical source by PI control; and 
controlling gain of said optical amplifier by controlling current of said 
optical source based on a calculated drive current value is applied in the 
invention. 
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[0011] 

In this embodiment, the difference between the gain obtained from the 
optical input/output power and the target gain is calculated, the 
proportional integral control is implemented based on the difference to 
calculate the current of the optical source LD (LD current), and the gain of 
the optical amplifier is controlled in correspondence to the calculated LD 
current, thus, the variation of the optical output power per wavelength 
channel is maintained small so as to suppress the affection to the 
transmission quality, in addition, the space occupied by the optical fiber is 
reduced so as to realize a downsizing of the apparatus. 
[0012] 

An optical amplifying method in Claim 2, in which at least one optical 
amplifier and at least one wavelength division-multiplexing device are 
connected to an optical transmission line, an optical signal transmitted 
through said optical transmission line is amplified by said optical amplifier 
while an optical power of the optical signal on the optical transmission line 
is detected, and gain of the optical amplifier is controlled in response to the 
optical power of thus detected, the method comprising: at least one 
wavelength division-multiplexing device are connected to said optical 
transmission line, inputting/outputting optical signals of prescribed 
wavelengths to/from said optical transmission line by said optical 
wavelength division-multiplexing device; detecting an optical input/output 
power of said optical amplifier; obtaining a difference between gain of said 
optical amplifier and target gain on a basis of detected optical input and 
output power; implementing a proportional calculation and an integral 
calculation of said difference by an automatic constant gain control device 
to calculate a drive current of an optical source by PI control; and 
controlling gain of said optical amplifier by controlling current of said 
optical source based on a calculated drive current value is applied in the 
invention. 
[0013] 

In this embodiment, the optical input/output power varied according to the 
add/drop function of the optical signal wavelength number by the 
wavelength division-multiplexing device such as the OADM (Optical 
Add-Drop Multiplexer), is monitored, the difference between the gain thus 
obtained and the target gain is calculated, the proportional integral control 
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is implemented based on the difference to calculate the current of the 
optical source (LD current), and the gain of the optical amplifier is 
controlled in correspondence to the calculated LD current, thus, the 
variation of the optical output power per one wavelength channel is 
maintained small so as to suppress the affection to the transmission quality, 
in addition, the space occupied by the optical fiber is reduced so as to 
realize the downsizing of the apparatus. 
[0014] 

The optical amplifying method in Claim 3, further including detecting an 
optical input power to said optical amplifier, and adjusting control 
parameters of said automatic constant gain control device in response to a 
detected result, wherein a drive current of said optical source is calculated 
by the automatic constant gain control device with said control parameters 
adjusted. 
[0015] 

In this embodiment, since the optical input/output power of the optical 
amplifier is monitored, and since the control parameters in the AGC circuit 
is adjusted in correspondence to the monitored optical input power, the 
invention enables the optical amplifying apparatus to control transient gain 
appropriately even when the optical input power to the optical amplifier 
abruptly varies under operation. Thus, the response time of the control 
circuit is optimized so as to improve the transient characteristics of the gain 
control of the optical amplifier and to enable to realize a stable optical 
transmission. 
[0016] 

The optical amplifying method in claim 4, wherein in adjusting said control 
parameters, said optical input power from an optical device connected with 
said optical amplifying apparatus or said optical input power varied by 
add/drop function of an optical signal of wavelength division-multiplexing 
device in said optical device connected with said optical amplifying 
apparatus is detected, and the control parameters of said automatic constant 
gain control is adjusted in response to the detected result is applied in the 
invention. 
[0017] 

In this embodiment, since the optical input power from the optical device 
connected with said optical amplifying apparatus or the optical input power 
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varied by the add/drop function of the optical signal wavelength number by 
the wavelength division-multiplexing device such as the OADM on the 
upstream, is monitored to adjust the control parameters of the automatic 
constant gain control circuit, the invention enables the optical amplifying 
apparatus to control transient gain appropriately even when the optical 
input power to the optical amplifier abruptly varies under operation. Thus, 
the response time of the control circuit is optimized so as to improve the 
transient characteristics of the gain control of the optical amplifier and to 
enable to realize a stable optical transmission. 
[0018] 

The optical amplifying method in claim 5, wherein adjusting said control 
parameters, proportional constant of a proportional circuit in the automatic 
constant gain control device as said control parameters is adjusted is 
applied in the invention. 
[0019] 

In this embodiment, since the control parameters comprises the 
proportional constant of the proportional circuit, and the proportional 
constant of the proportional circuit is adjusted, the response time of the 
control circuit is optimized so as to improve the transient characteristics of 
the gain control of the optical amplifier and to enable to realize a stable 
optical transmission. 
[0020] 

An optical amplifying apparatus in Claim 6, for amplifying an optical 
signal on an optical transmission line, at least one optical amplifier 
amplifying an optical signal inputted into the optical transmission line, and 
an optical power detecting device for detecting an optical power of the 
optical signal on the optical transmission line, and an optical signal 
transmitted through said optical transmission line is amplified by said 
optical amplifier while an optical power of the optical signal on the optical 
transmission line is detected, and gain of the optical amplifier is controlled 
in response to an optical power of thus detected, comprising; a gain 
detecting device to detect gain of said optical amplifier; a difference 
calculating device to obtain difference between a detected gain and a target 
gain; and an automatic constant gain control device for implementing a 
proportional calculation and an integral calculation of said difference to 
calculate a drive current of an optical source and controlling gain of said 
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optical amplifier to be constant by controlling current of said optical source 
based on a calculated drive current value is applied in the invention. 
[0021] 

In this embodiment, the optical input/output power is monitored by the 
optical power detecting device to detect the gain, the difference between 
the detected gain and the target gain, and the said difference is calculated, 
the proportional integral control is implemented based on the difference to 
calculate the current of the optical source (LD current), and the gain of the 
optical amplifier is controlled in correspondence to the calculated LD 
current, thus, the space occupied by the optical fiber is reduced so as to 
realize the downsizing of the apparatus, and the variation of the optical 
output power per one wavelength channel is maintained small so as to 
suppress the affection to the transmission quality. 
[0022] 

An optical amplifying apparatus in Claim 7, for amplifying an optical 
signal on an optical transmission line, at least one optical amplifier 
amplifying an optical signal inputted into the optical transmission line, and 
an optical power detecting device for detecting an optical power of the 
optical signal on the optical transmission line, and an optical signal 
transmitted through said optical transmission line is amplified by said 
optical amplifier while an optical power of the optical signal on the optical 
transmission line is detected, and gain of the optical amplifier is controlled 
in response to an optical power of thus detected, comprising; a wavelength 
division-multiplexing device for add/drop function of an optical signal of a 
prescribed wavelength to/from said optical transmission line; a gain 
detecting device to detect gain of said optical amplifier; a difference 
calculating device to obtain difference between a detected gain and a target 
gain; and an automatic constant gain control device for implementing a 
proportional calculation and an integral calculation of said difference to 
calculate a drive current of an optical source and controlling gain of said 
optical amplifier to be constant by controlling current of optical source 
based on a calculated drive current value is applied in the invention. 
[0023] 

In this embodiment, the apparatus includes the wavelength 
division-multiplexing device such as the OADM. Since the optical 
input/output power varied according to the add/drop function of the optical 
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signal wavelength number by the wavelength division-multiplexing device, 
is monitored to calculate the gain, the difference between the calculated 
gain and the target gain, and since the said difference is calculated, and the 
proportional integral control is implemented based on the difference to 
calculate the current of the optical source (LD current), and the gain of the 
optical amplifier is controlled in correspondence to the calculated LD 
current, thus, the variation of the optical output power per one wavelength 
channel is maintained small so as to suppress the affection to the 
transmission quality, in addition, the space occupied by the optical fiber is 
reduced so as to realize the downsizing of the apparatus is applied in the 
invention. 
[0024] 

The optical amplifying apparatus in claim 8, further comprises an adjusting 
device for adjusting control parameters of said automatic constant gain 
control device in response to a detected result of an optical input power to 
said optical amplifier which is detected by the optical power detecting 
device, the automatic constant gain control device with said control 
parameters adjusted controlling gain of the optical amplifier in response to 
optical input/output power detected by the optical power detecting device is 
applied in the invention. 
[0025] 

In this embodiment, since the optical input/output power of the optical 
amplifier is monitored, and the control parameters is adjusted in 
correspondence to the monitored optical input power, the invention enables 
the optical amplifying apparatus to control transient gain appropriately 
even when the optical input power to the optical amplifier abruptly varies 
under operation. Thus, the response time of the control circuit is 
optimized so as to improve the transient characteristics of the gain control 
of the optical amplifier and to enable to realize a stable optical 
transmission. 
[0026] 

The optical amplifying apparatus in claim 9, wherein said adjusting device 
adjusts control parameters of said automatic constant gain control device in 
response to a detected result of said optical input power from an optical 
device connected with said optical amplifying apparatus detected by said 
optical power detecting device or said optical input power varied by 
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add/drop function of an optical signal of wavelength division-multiplexing 
device in said optical device connected with said optical amplifying 
apparatus is applied in the invention. 
[0027] 

In this embodiment, since the optical input power from the optical device 
connected with said optical amplifying apparatus or the optical input power 
varied by the input signal of a prescribed wavelength by the wavelength 
division-multiplexing device arranged in the said optical device connected 
with said optical amplifying apparatus is monitored by means of said 
detecting device, the invention enables the optical amplifying apparatus to 
control transient gain appropriately even when the optical input power to 
the optical amplifier abruptly varies under operation. Thus, the response 
time of the control circuit is optimized so as to improve the transient 
characteristics of the gain control of the optical amplifier and to enable to 
realize a stable optical transmission. 
[0028] 

The optical amplifying apparatus in claim 10, wherein said automatic 
constant gain control device includes a differential circuit for subtracting 
gain of the optical amplifier from a target gain, that yields a difference 
between gain of the optical amplifier and a target gain, and a proportional 
circuit for multiplying proportional constant of the proportional circuit and 
said difference, and said adjusting device adjusts proportional constant of 
the proportional circuit as the control parameters is applied in the 
invention. 
[0029] 

In this embodiment, since the control parameters to be adjusted comprises 
the proportional constant of the proportional circuit in the automatic 
constant gain control device, and since the proportional constant of the 
proportional circuit is adjusted by the adjusting device, the response time of 
the control circuit is optimized so as to improve the transient characteristics 
of the gain control of the optical amplifier and to enable to realize a stable 
optical transmission. 
[0030] 

An optical amplified transmission system in Claim 11, for amplifying an 
optical signal transmitted to the optical transmission line by a plurality of 
optical amplifying apparatuses connected in series including at least one 
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optical amplifying apparatus is applied in the invention. 
[0031] 

In this embodiment, since a plurality of the optical amplifying apparatuses 
in the above embodiment are connected in series on the optical 
transmission line, the transient characteristics of the gain control of the 
optical amplifier in the overall optical amplified transmission system is 
improved to enable to realize a stable transmission of the optical signal. 
[0032] 

[EMBODIMENTS OF THE INVENTION] 

Referring now to the drawings Fig. 1-16, the embodiments of the optical 
amplifying method, the optical amplifying apparatus, and the optical 
amplified transmission system using the apparatus of the present invention 
will be explained in detail. For convenience of explanation, the same 
numeral numbers are used in the following drawing as the elements in Fig. 
17. 

[0033] 

(First embodiment) 

Fig. 1 is a diagram showing the first embodiment of the optical amplifying 
apparatus of the present invention. The automatic constant gain control 
(AGC) in the optical amplifying apparatus is implemented by a 
proportional integral control (hereinafter referred to as "PI control"), for 
example. A control circuit 19 implementing the AGC comprises a 
differential circuit 19a to which the voltages from logarithmic 
transformation circuits 17, 18 are inputted, a proportional circuit 19b and 
an integral circuit 19c to both of which a difference AG from the 
differential circuit 19a is inputted, an adder circuit 19d to which the output 
values from the proportional circuit 19b and the integral circuit 19c are 
inputted, and a laser diode current control circuit 19e to which a calculated 
value from the adder circuit 19d is inputted. 
[0034] 

More specifically, the input/output power of an optical amplifier 11 are 
converted by a photo diode (PD) 15, 16 and a logarithmic transformation 
circuit 17, 18 to voltages Vin, Vout corresponding to the respective optical 
powers, and inputted to the differential circuit 19a. In addition to the 
voltages Vin and Vout, a voltage GO corresponding to the target gain set 
from outside is inputted. The differential circuit 19a calculates the 
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difference AG between the present gain (Vout-Vin) of the optical amplifier 
1 1 and the target gain GO, and outputs the difference AG to the proportional 
circuit 19b and the integral circuit 19c. 
AG = GO-(Vout-Vin) 

[0035] 

The proportional circuit 19b outputs a value (k • AG) obtained by 
multiplying the inputted deference AG by the proportional constant k 
which is pre-set as a fixed value. The integral circuit 19c outputs an 
integral value [(1/ t )• j" AG dt] of AG Where, z = RC, R and C are a 
resistance of the resistor and a capacitance of the capacitor respectively in 
the integral circuit 19c. 
[0036] 

Those output values (k* AG) and [(1/ z )• J AG dt] are inputted to the 
adder circuit 19d. The adder circuit 19d adds those values to calculate a 
laser diode current value 10. 

10 = k- AG + (l/r)- J AGdt 
[0037] 

The adder circuit 19d outputs the calculated value 10 to the LD current 
control circuit 19e. The LD current control circuit 19e controls a current 
of an pump LD 20 based on the value 10. 
[0038] 

As described above, in the above embodiment of the optical amplifying 
apparatus, the input/output power of the optical amplifier 11 which is 
logarithmic-transformed by the PD 15, 16 and the logarithmic 
transformation circuit 17, 18, and the target gain are inputted to the 
differential circuit 19a to calculate the difference between the present gain 
of the optical amplifier and the target gain, and the PI control is 
implemented such that the difference equals to zero, according to the target 
gain of the optical amplifier. As a result, it is not necessary to arrange a 
large space occupied by the optical fiber as in the conventional optical 
amplifying apparatus, thus realizing the down sizing of the apparatus. 
[0039] 

Furthermore, in the above embodiment of the optical amplifying apparatus, 
as shown in Fig. 1 8, in order to suppress the variation of the optical output 
power per one wavelength channel to be small so as to reduce affection to 
the transmission quality, the proportional constant k of the proportional 
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circuit in the control circuit is set to be somewhat large to adjust the 
response time of the control circuit, thus improving the transient 
characteristics of the gain control in the optical amplifier. However, if the 
proportional constant k is enlarged too much, the optical output from the 
optical amplifier becomes unstable. 
[0040] 

Fig. 2 is a diagram showing a relation between a proportional constant of 
the proportional circuit and the optical input power. As illustrated in the 
drawing, the proportional constant required to obtain the transient 
characteristics not affecting the transmission quality and the threshold for 
the proportional constant causing the optical output to be unstable, depends 
on the optical input power to the optical amplifier. More specifically, 
when the optical input power is small, the even small proportional constant 
can provide appropriate transient characteristics, and the threshold for 
oscillation becomes small in the case that the input power abruptly varies. 
Contrary to the above, when the optical input power becomes large, even 
though a margin to prevent an unstable operation becomes large, the large 
proportional constant is required to obtain appropriate transient 
characteristics. 
[0041] 

In such case, as shown in Fig. 3, when the dynamic range is relatively 
narrow, for example, even when the proportional constant k of the 
proportional circuit is set to be constant, i.e., k=k0, the optical output from 
the optical amplifier 1 1 is stable at either upper limit or lower limit of the 
dynamic range, thus not affecting transient characteristics. 
[0042] 

However, when the number of channel wavelength increases in the WDM 
transmission system, the optical input/output dynamic range is extended 
wide, as illustrated in Fig. 4. Accordingly, when the proportional constant 
of the proportional circuit is maintained constant, the response speed of the 
control circuit is slow at the vicinity of the upper limit of the dynamic 
range (i.e., in case that the optical input power is large), thus the device 
may not realize appropriate transient gain control characteristics. 
Furthermore, the proportional constant of the proportional circuit exceeds 
the threshold for oscillation at the vicinity of the lower limit of the dynamic 
range, thus the device may cause an unstable output power and gain 
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control. 
[0043] 

(Second embodiment) 

In the second embodiment of the optical amplifying apparatus of the 
invention, the apparatus includes a function to adjust the proportional 
constant of the proportional circuit in the control circuit, thus enabling to 
adjust the proportional constant of the proportional circuit in 
correspondence to the optical input power of the optical amplifier. More 
specifically, according to the second embodiment of the optical amplifying 
apparatus, the proportional constant of the proportional circuit is adjusted 
to be large when the optical input power is large, and the proportional 
constant of the proportional circuit is adjusted to be small when the optical 
input power is small. 
[0044] 

Fig. 5 is a diagram describing the second embodiment of the optical 
amplifying apparatus of the present invention. The same numeral 
numbers are used in the following drawing as the elements in Fig. 1. 
[0045] 

As shown in Fig. 5, the optical amplifying apparatus of this embodiment 
comprises the first stage optical amplifying apparatus and the second stage 
optical amplifying apparatus 10, 10, which are the same composition, 
connected to the optical transmission line 1, and the Optical Add/Drop 
Multiplexer (OADM) 31 connected between two optical amplifying 
apparatuses 10 and 10 as a wavelength division-multiplexing device. The 
above mentioned two stages optical amplifying apparatus may be used in 
the repeater terminal of the WDM transmission system for example. 
The OADM 31 drops an optical signal of a specific wavelength from the 
optical signals transmitted from the first stage optical amplifying apparatus 
10, or add an optical signal of a specific wavelength to the optical signals 
transmitted from the first stage optical amplifying apparatus 10. Then 
OADM 31 outputs the multiplexed optical signals to the second stage 
optical amplifying apparatus 10. 

Although the detailed explanation is omitted, since each of the 
optical amplifying apparatus 10, 10 is the same composition as the optical 
amplifying apparatus as shown in Fig. 1, the first stage optical amplifying 
apparatus 10 monitors the optical input power of the signal transmitted 



19 



from the upstream repeater terminal to implement the AGC, while the 
second stage optical amplifying apparatus 10 monitors the optical input 
power of the signal transmitted from the local OADM 3 1 to implement the 
AGC. 
[0046] 

The AGC circuit 19 of the optical amplifying apparatus 10 as shown in Fig. 
5 is different from the AGC circuit as shown in Fig. 1 in that there is 
provided a proportional constant adjusting circuit 19f in which the 
proportional constant of the proportional circuit 19b is adjusted in 
correspondence to the voltage Vin of the optical input power from the 
logarithmic transformation circuit 17, for example as shown in Fig. 6. 
[0047] 

Furthermore, since the AGC circuit 19 is arranged as described above, the 
proportional circuit 19b comprises a comparator 19bl, a fixed resistor 19b2 
and a variable resistor 19b3 as shown in Fig. 7. As the variable resistor 
19b3, a Digitally Controlled Potentiometer (hereinafter referred to as 
"DCP") is applied, which enables to digitally adjust the proportional 
constant by a CPU, for example. As a result, the resistance of the variable 
resistor can be changed by means of the adjusting function of the 
proportional constant adjusting circuit 19f, even if the apparatus is under 
the operation. 
[0048] 

The proportional constant of the proportional circuit 19b is determined by a 
ratio of the resistance Rl of the fixed resistor 19b2 to the resistance R2 of 
the variable resistor 19b3, as follows: 
k = R2/Rl (1) 

[0049] 

The proportional constant adjusting circuit 19f monitors the optical input 
power through the logarithmic transformation circuit 17 from the PD 15, 
and adjusts the proportional constant of the proportional circuit 19b 
corresponding to the optical input power Pin. More specifically, the 
proportional constant adjusting circuit 19f controls the resistance R2 of the 
variable resistor 19b3 in the proportional circuit 19b so as to be large when 
the optical input power Pin is large, thus adjusting the proportional constant 
k to be large. Contrary to the above, the proportional constant adjusting 
circuit 19f controls the resistance R2 of the variable resistor 19b3 in the 
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proportional circuit 19b so as to be small when the optical input power Pin 

is small, thus adjusting the proportional constant k to be small. 

[0050] 

For example, the proportional constant adjusting circuit 19f, as shown in 
Fig. 8, adjusts the proportional constant k of the proportional circuit 19b to 
be as follows: 

K = A-Pin + B (2) 
Where, Pin is the optical input power, and the voltage Vin in 
correspondence to the optical input power Pin is provided for the 
proportional constant adjusting circuit 19f by way of the logarithmic 
transformation circuit 17. And A and B are constant, and are uniquely 
determined by a desirable proportional constant value k of the proportional 
circuit and two optical input power values at least. 
[0051] 

An adjusting operation of the proportional constant of the proportional 
circuit in the optical amplifying apparatus 10 is explained with reference to 
the flow chart as shown in Fig. 9. Where, the proportional constant of the 
proportional circuit 19b is to be controlled to a target value ±8 (8 is an 
arbitrary number). As shown in the figure, the optical input power Pin is 
inputted from the PD 15 through the logarithmic transformation circuit 17 
to the AGC circuit 19 (Step 101). 
[0052] 

The gain adjusting circuit 19f calculates the target proportional constant kO 
based on the inputted optical input power Pin in the AGC circuit 19 (Step 
102). The above mentioned calculation is executed by substituting the 
value of the optical input power Pin for the above equation (2). Then, the 
resistance R2 of the DCP (i.e., the resistance of the variable resistor 19b3 as 
shown in Fig. 7) is inputted from the proportional circuit 19b to the gain 
adjusting circuit 19f (Step 103), and the present proportional constant k is 
calculated by applying the above equation (1) (Step 104). 
[0053] 

The proportional constant adjusting circuit 19f obtains the difference Ak by 
the calculated target proportional constant kO in the Steps 102 and 104 and 
the present proportional constant k, applying the following: Ak = k-kO (Step 
105), and then determines whether Ak is larger than --8 or not (Step 106). 
[0054] 
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When - 8 ^ A k, it is determined that the proportional constant is out of 
the range of the target value ± 5 , and the resistance R2 of the DCP is 
controlled to increase one step (Step 107). When- 5 < Ak, it is to be 
determined whether A k is smaller than + 8 (Step 108). 
[0055] 

Here, the proportional constant adjusting circuit 19f determines that the 
proportional constant is out of the range of the target value ± 5 , when A k 
^ + 8 , and controls the resistance R2 of the DCP so as to reduce one step 
(Step 109). The proportional constant adjusting circuit 19f determines 
that the gain is within the range of the target value±6, when Ak<5, and 
returns to the Step 101 without controlling the DCP to execute an adjusting 
operation of the proportional constant in relation to the next monitored 
optical input power Pin. 
[0056] 

As described above, in this embodiment of the apparatus, since the 
proportional constant adjusting circuit to adjust the proportional constant of 
the proportional circuit is provided in the AGC circuit to continuously 
adjust the proportional constant in correspondence to the optical input 
power. Thus the proportional constant of the proportional circuit is changed 
to be the small value in the vicinity of the lower limit of the dynamic range, 
therefore preventing the optical amplifier from unstable output power 
operation. 

Furthermore, the proportional constant of the proportional circuit is 
changed to be the large value in the vicinity of the upper limit of the 
dynamic range where the margin for the oscillation of the control circuit is 
large, thus enabling the response speed of the control circuit to be fast so 
that the transient characteristics of the gain control of the optical amplifier 
is improved to reduce the deterioration of the transmission characteristics 
of the optical signal when the optical power abruptly varies. 
[0057] 

(Third embodiment) 

It is proposed in the second embodiment of the apparatus that the gain is 
continuously adjusted by applying DCP. However, the present invention 
is not limited thereto, and the invention can adjust the gain of the 
proportional circuit by applying analog switches. 

Fig. 10 is a circuit diagram showing a second example of the 
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proportional circuit as shown in Fig. 6. As shown in Fig. 10, in the 
proportional circuit 19b, a plurality of resistors Rl to Rn (n is an arbitrary 
integer number) having different resistances in place of the DCP are 
connected in parallel, and each of the analog switches SI to Sn is 
connected in series to the respective corresponding resistors Rl to Rn. 
[0058] 

The gain adjusting circuit 19f controls to switch the analog switches SI to 
Sn in response to the monitored optical input power so that the resistances 
of the resistors R21 to R2n (n is an arbitrary integer number) connected to 
the comparator 19bl are changed, thus enabling to adjust the proportional 
constant of the proportional circuit. 
[0059] 

For example, as shown in Fig. 1 1 , the proportional constant is set to select 
one of three stages kl, k2, k3 in the proportional constant adjusting circuit 
19f where it satisfies kl<k2<k3. The proportional constant adjusting 
circuit 19f controls to switch to a resistor having a small resistance within 
the resistors Rl to Rn in the proportional circuit 19b when the monitored 
optical input power Pin is smaller than PI, thus adjusting the proportional 
constant to be small proportional constant kl . 

The proportional constant adjusting circuit 19f controls to switch to a 
resistor having a medium resistance within the resistors Rl to Rn in the 
proportional circuit 19b when the monitored optical input power Pin is 
within the range from PI to P2, thus adjusting the proportional constant to 
be medium proportional constant k2. The proportional constant adjusting 
circuit 19f controls to switch to a resistor producing a larger resistance 
within the resistors Rl to Rn in the proportional circuit 19b when the 
monitored optical input power Pin is larger than P2, thus adjusting the 
proportional constant to be large proportional constant k3. 
[0060] 

An adjusting operation of the proportional constant of the proportional 
circuit in the optical amplifying apparatus 10 including the proportional 
constant adjusting circuit 19f is explained with reference to the flow chart 
as shown in Fig. 12. As shown in Fig. 12, the AGC circuit 19 reads in the 
optical input power Pin from the PD 15 through the logarithmic 
transformation circuit 17 (Step 201). The proportional constant adjusting 
circuit 19f in the AGC circuit 19 determines whether the read optical input 
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power Pin is smaller than PI (i.e., Pin<Pl) or not (Step 202). 
[0061] 

Here, the proportional constant adjusting circuit 19f controls to switch to a 
resistor producing a small resistance within the resistors Rl to Rn in the 
proportional circuit 19b when Pin < PI, thus adjusting the proportional 
constant k to be proportional constant kl (Step 203). When Pin^Pl, the 
proportional constant k is maintained to be the present state (Step 204), and 
then, the gain adjusting circuit 19f determines whether being Pin<P2 or not 
(Step 205). 
[0062] 

The proportional constant adjusting circuit 19f controls to switch to a 
resistor producing a medium resistance within the resistors Rl to Rn in the 
proportional circuit 19b when Pin < P2, thus adjusting the proportional 
constant k to be proportional constant k2 (Step 206). 

Furthermore, the proportional constant adjusting circuit 19f controls 
to switch to a resistor producing a large resistance within the resistors Rl to 
Rn in the proportional circuit 19b when Pin^P2, thus adjusting the 
proportional constant k to be large proportional constant k3 (Step 207). 
[0063] 

As described above, in this embodiment of the apparatus, since the 
proportional constant adjusting circuit to adjust the proportional constant of 
the proportional circuit is provided in the AGC circuit to intermittently 
adjust the proportional constant in response to the optical input power, the 
proportional constant of the proportional circuit is changed to be the small 
value in the vicinity of the lower limit of the dynamic range, thus 
preventing the optical amplifier from unstable output power operation, as 
same as in the second embodiment. 

Furthermore, the proportional constant of the proportional circuit is 
changed to be the large value in the vicinity of the upper limit of the 
dynamic range where the margin for the oscillation of the control circuit is 
large, thus enabling the response time of the control circuit to be fast so that 
the transient characteristics of the gain control of the optical amplifier is 
improved to reduce the deterioration of the transmission characteristics of 
the optical signal when the optical power abruptly varies. 
[0064] 

The effect of the present invention is verified according to the measured 
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comparative results of the third embodiment of the apparatus and the 
apparatus in which the proportional constant of the proportional circuit is 
fixed. The optical amplifying apparatus comprising the first stage optical 
amplifying apparatus and the second stage optical amplifying apparatus as 
shown in Fig. 5 is used for measuring the effect, in which the first stage 
optical amplifying apparatus and the second stage optical amplifying 
apparatus implement the independent AGC, respectively. 
[0065] 

The first stage optical amplifying apparatus is connected to the second 
optical amplifying apparatus by an attenuator in place of the OADM. As 
the optical signal, four wavelength channels of the surviving signal and 
twelve wavelength channels of the excursion signal within the wavelength 
band from 1 530.33 [nm] to 1561.42[nm] are used, and the optical input to 
the first stage optical amplifying apparatus is increased from four 
wavelength to sixteen wavelength by means of switching on/off the 
excursion signal, thus changing the total optical input power to four times 
(i.e., 6[dB] increases). 
[0066] 

Furthermore, the optical power per one wavelength channels is set to be 
-12[dBm/ch] and -24[dBm/ch], and the total optical input power is 
measured in two cases (i.e., one case in which the optical input power is 
varied in the vicinity of the upper limit of the dynamic range (i.e., changed 
from -6[dBm] to 0[dBm]), and the other case in which the optical input 
power is varied in the vicinity of the lower limit of the dynamic range (i.e., 
changed from -18[dBm] to -12[dBm])). The transient response of the 
optical output power per one wavelength channels in the 1 530.33 [nm] is 
measured in the optical output from the second stage optical amplifying 
apparatus when the optical input power varies. 
[0067] 

The relation between the proportional constant of the proportional circuit 
and the optical input power in the two stage-optical amplifying apparatus is 
as shown in Figs. 13. Fig. 13(a) shows the relation between the 
proportional constant and the optical input power in the first stage optical 
amplifying apparatus. Fig. 13(b) shows the relation between the 
proportional constant and the optical input power in the second stage 
optical amplifying apparatus. 
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[0068] 

For comparison, the optical power is measured in the conventional 
apparatus with the proportional constant fixed in which the proportional 
constant k of the first stage optical amplifying apparatus is fixed to be 3.0, 
and the proportional constant k of the second stage optical amplifying 
apparatus is fixed to be 3.2 in either cases when the optical input power is 
high (refer to Fig. 14(a)), or when the optical input power is low (refer to 
Fig. 14(b)). 
[0069] 

The optical power is measured in the apparatus of the third embodiment of 
the invention with the proportional constant adjusted in which the 
proportional constant k of the first stage optical amplifying apparatus is set 
to be 3.1 and the proportional constant k of the second stage optical 
amplifying apparatus is set to be 4.3 when the optical input power is high 
(refer to Fig. 15(a)), while the proportional constant k of the first stage 
optical amplifying apparatus is set to be 1 .7 and the proportional constant k 
of the second stage optical amplifying apparatus is set to be 1 .2 when the 
optical input power is low (refer to Fig. 15(b)). 
[0070] 

The result shows that when the proportional constant is fixed as in the 
conventional apparatus, the optical output power per one wavelength 
channel largely varies to the corresponding variation of the optical input 
power shown in the case that the optical input power is large in Fig. 14(a), 
thus deteriorating the transmission quality of the optical signal when the 
optical input power varies. Furthermore, the optical output power per one 
wavelength channel becomes unstable to the corresponding variation of the 
optical input power shown in the case that the optical input power is small 
in Fig. 14(b). 
[0071] 

Contrary to the above, when the proportional constant is adjusted as in the 
apparatus of the third embodiment of the invention, the optical output 
power per one wavelength channel varies small to the corresponding 
variation of the optical input power shown in the case that the optical input 
power is large in Fig. 15(a), since the proportional constant is set to be 
large, thus the transient output power characteristics becomes superior so as 
to improve the transmission quality of the optical signal when the optical 
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input power varies. 

Furthermore, the optical output power per one wavelength channel 
becomes stable to the corresponding variation of the optical input power 
shown in the case that the optical input power is small in Fig. 14(b), since 
the proportional constant is set to be small. 
[0072] 

As is clear from the measured results, when the corresponding proportional 
constant is set and adjusted in response to the variation of the optical input 
power to the optical amplifier even under operation, the response time of 
the control circuit is adjusted to improve the transient characteristics of the 
gain control of the optical amplifier, thus enabling to realize a stable optical 
transmission. 
[0073] 

(Fourth embodiment) 

Fig. 16 is a partial system diagram of the optical amplified 
transmission system comprising a multiple stages (connected in series) of 
the optical amplifying apparatuses of the first embodiment as shown in Fig. 
5. The optical amplifying apparatus 30 functions as a repeater terminal. 
In the repeater terminal 30, OADM 31 adds a part of the optical signal 
transmitted from the upstream terminal (forward repeater terminal), or 
drops new wavelength channels to optical signal transmitted from the 
upstream terminal. 

In case that the number of the wavelengths of the optical signal 
multiplexed by the OADM 31, are twice increased, the optical power in the 
second stage optical amplifying apparatus 10 is increased to two times of 
the original optical input power. For example, the optical input power 
corresponding to six wavelength channels are increased to the optical input 
power corresponding to twelve wavelength channels. 
[0074] 

However the automatic constant gain control can maintain the optical 
power per one wavelength channel to be constant in the repeater terminal 
of this embodiment, since the proportional constant of the proportional 
circuit in the AGC circuit 19 is adjusted in response to the optical input 
power of the optical amplifier. 

So that the response of the optical amplifier in this embodiment remains the 
same in spite of various optical input power to the amplifier. Thus the gain 
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of the optical amplifier 1 1 is controlled independently of the number of the 

input wavelength channels. 

[0075] 

Furthermore, in this embodiment of the repeater terminal, since the 
proportional constant of the proportional circuit is adjusted independently 
in each repeater terminal, the proportional constant of the proportional 
circuit is changed to be the small value in the vicinity of the lower limit of 
the dynamic range, thus preventing the optical amplifier from unstable 
output power operation. 

Furthermore, the proportional constant of the proportional circuit is 
changed to be the large value in the vicinity of the upper limit of the 
dynamic range where the margin for the oscillation of the control circuit is 
large, thus enabling the response speed of the control circuit to be fast so 
that the transient characteristics of the gain control of the optical amplifier 
is improved to reduce the deterioration of the transmission characteristics 
of the optical signal when the optical power abruptly varies. As a result, 
accumulated optical power variation of the optical signal in multiple 
repeater terminals in series can be effectively suppressed, thus enabling to 
realize a stable transmission of the optical signal. 
[0076] 

The invention is not limited to the embodiments described above. Various 
modification of the embodiments of the invention may be made without 
departing from the spirit and scope thereof. For example, although the 
analog control of the AGC circuit is explained in the embodiment, the 
digital control of the AGC circuit applying a processing unit is also 
included in the present invention. 
[0077] 

[Effect of the Invention] 

As described above, since the optical amplifying method and optical 
amplifying apparatus of the invention monitors the input/output power of 
the optical amplifier is monitored by means of the PD or logarithmic circuit 
to detect the gain, the difference between the detected gain and the target 
gain , and since the said difference is calculated by the AGC circuit, and 
since proportional integral control is implemented based on the difference 
to control the gain of the optical amplifier, the variation of the optical 
output power per one wavelength channel may be maintained small so as to 
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suppress the affection to the transmission quality, in addition, the space 
occupied by the optical fiber may be reduced so as to realize the 
downsizing of the apparatus. 
[0078] 

Since the optical amplifying method and optical amplifying apparatus of 
the invention monitors input/output power of the optical amplifier which is 
varied by add/drop function of the optical signal of a prescribed wavelength 
produced by the wavelength division-multiplexing device, by means of the 
PD or logarithmic circuit to detect the gain, the difference between the 
detected gain and the target gain, and since the said difference is calculated 
by the AGC circuit, and since the proportional integral control is 
implemented based on the difference to control the gain of the optical 
amplifier, the variation of the optical output power per one wavelength 
channel may be maintained small so as to suppress the affection to the 
transmission quality, in addition, the space occupied by the optical fiber 
may be reduced so as to realize the downsizing of the apparatus, 
[0079] 

The optical amplifying method and optical amplifying apparatus of the 
invention enables the optical amplifying apparatus to control transient gain 
appropriately even if the optical input power to the optical amplifier 
abruptly varies under operation, since the optical input power of the optical 
amplifier is monitored by means of the PD or logarithmic circuit, and the 
control parameters in the AGC circuit in correspondence to the monitored 
optical input power. Thus, the response time of the control circuit is 
optimized so as to improve the transient characteristics of the gain control 
of the optical amplifier and to enable to realize a stable optical 
transmission. 
[0080] 

Since the optical amplifying method and optical amplifying apparatus of 
the invention monitors input/output power of the optical amplifier which is 
varied by add/drop function of the optical signal of a prescribed wavelength 
produced by the wavelength division-multiplexing device, by means of the 
PD or logarithmic circuit to detect the gain, the difference between the 
detected gain and the target gain, and since the said difference is calculated 
by the AGC circuit, and since the proportional integral control is 
implemented based on the difference to control the gain of the optical 
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amplifier, the variation of the optical output power per one wavelength 
channel may be maintained small so as to suppress the affection to the 
transmission quality, in addition, the space occupied by the optical fiber 
may be reduced so as to realize the downsizing of the apparatus. 
[0081] 

The optical amplifying method and optical amplifying apparatus of the 
invention enables the optical amplifying apparatus to control transient gain 
appropriately even if the optical input power to the optical amplifier 
abruptly varies under operation, since the optical input power of the optical 
amplifier is monitored, and since the optical input power from the upstream 
optical amplifier which is connected to the said amplifier is monitored, and 
since optical input power transmitted from the wavelength 
division-multiplex device which is connected to the said amplifier is 
monitored, and since the control parameters in the AGC circuit in 
correspondence to the monitored optical input power. 
[0082] 

The optical amplifying method and optical amplifying apparatus of the 
invention enables the optical amplifying apparatus to suppress the variation 
of output power per one wavelength channel when the optical input power 
to the optical amplifier abruptly varies under operation, 
since the proportional constant of the proportional circuit in the automatic 
constant gain control circuit is adjusted in correspondence to the optical 
input power, in order to optimize the control parameters against operational 
condition of the said optical amplifier. 
[0083] 

Since the optical amplified transmission system of the invention comprises 
a multiple stages of the above mentioned optical amplifier in claims 6-10 
which are connected in series on the optical transmission line, the transient 
characteristics of the gain control of the optical amplifier in the overall 
optical amplified transmission system is improved. Thus, the 
deterioration of the transmission characteristics of the optical signal is 
suppressed when the optical power varies and the optical power variation 
of the optical signal in multiple repeater terminals in series can be 
effectively reduced, thus enabling to realize a stable transmission of the 
optical signal. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 
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Fig. 1 is a diagram showing the first embodiment of the optical 
amplifying apparatus of the present invention: 

Fig, 2 is a diagram showing a relation between proportional 
constant in the automatic constant gain control and the optical input power: 

Fig. 3 is a diagram showing a relation between the optical input 
power and proportional constant in the automatic constant gain control 
when the optical input dynamic range is narrow: 

Fig. 4 is a diagram showing a relation between the optical input 
power and proportional constant in the automatic constant gain control 
when the optical input dynamic range is wide: 

Fig. 5 is a diagram showing the second embodiment of the optical 
amplifying apparatus of the present invention: 

Fig. 6 is a diagram showing an example of the AGC circuit of the 
two stages-optical amplifying apparatus as shown in Fig. 5: 

Fig. 7 is a circuit diagram showing a first example of the 
proportional circuit as shown in Fig. 6: 

Fig. 8 is a diagram showing a relation between an optical power and 
the proportional constant adjusted by the proportional constant adjusting 
circuit as shown in Fig. 7: 

Fig. 9 is a flow chart explaining an adjusting operation of the 
proportional constant of the optical amplifying apparatus of the present 
invention: 

Fig. 10 is a circuit diagram showing a second example of the 
proportional circuit as shown in Fig. 6: 

Fig. 1 1 is a diagram showing a relation between an optical power 
and the proportional constant adjusted by the proportional constant 
adjusting circuit as shown in Fig. 10: 

Fig. 12 is a flow chart explaining an adjusting operation of the 
proportional constant of the optical amplifying apparatus of the present 
invention including a proportional constant adjusting circuit as shown in 
Fig. 11: 

Fig. 13 is a diagram showing a relation between an optical input 
power and the proportional constant in the first stage AGC circuit as shown 
in Fig. 5: 

Fig. 14 is a waveform diagram showing a measuring result of a 
transient characteristics of the optical power in case that the optical input 
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power varies when the proportional constant is fixed in the automatic 
constant gain control: 

Fig. 15 is a waveform diagram showing a measuring result of 
transient characteristics of the optical power in case that the optical input 
power varies when the third embodiment is applied: 

Fig. 16 is a partial system diagram of the optical amplified 
transmission system using the optical amplifying apparatus as shown in Fig. 
5: 

Fig. 17 is a diagram showing an example of the conventional 
optical amplifying apparatus: 

Fig. 1 8 is a schematic graph showing transient characteristics of the 
optical power in case that the optical input power varies: 

Fig. 19 is a diagram showing other example of the conventional 
optical amplifying apparatus: 
[DESCRIPTION OF REFERENCE NUMERAL] 
1 optical transmission line 
10 optical amplifying apparatus 
11,12 optical amplifiers 
13, 14 optical couplers 

17, 18 logarithmic transformation circuits (monitor circuits) 

19 AGC circuit 

19a differential circuit 

19b proportional circuit 

19bl comparator 

1 9b2 fixed resistor 

1 9b3 variable resistor 

19c integral circuit 

19d adder circuit 

19e LD current control circuit 

19f proportional constant adjusting circuit 

20 pump LD 

21 delay portion 

30 optical amplifying apparatus 
R21-R2n resistors 
S 1 -Sn analog switches 
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[Name of the document] 
Abstract 

[Summary] 

[Problem to be solved] 

Problem to be solved in the invention is to provide an optical amplifying 
method, an optical amplifying apparatus and an optical amplified 
transmission system, in which the space occupied by the optical fiber may 
be reduced to realize the downsizing of the apparatus, and the control 
constant of the AGC circuit is adjusted to be an appropriate value even 
when the optical input power to the optical amplifier abruptly varies under 
operation, thus enabling high speed optical signal transmission and stable 
optical amplifier control. 

[Means to solve the problem] 

A proportional constant adjusting circuit 19f is arranged in the AGC circuit 
19 of the optical amplifying apparatus, and the proportional constant of the 
proportional circuit 19b is continuously adjusted in correspondence to the 
optical input power monitored by the PD 15 and the logarithmic 
transformation circuit 17. 

The AGC circuit 19 controls the pump LD based on the monitored optical 
input/output power so as to control the gain of the optical amplifier 1 1 to be 
a requested value. 

[Selected drawing] 
Fig. 6 
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